The data show that a diet must contain 75 per cent. of whole wheat to ensure -health and reproduction; with oatmeal the amount must be 95 per cent., &c. From these data it may be concluded that the ordinary daily diet in this country does not contain enough vitamin B, and the ordinary minor troubles of the population, such as constipation and gastro-intestinal troubles which correspond with shortage of vitamin B, thus arise.
New Facts Concerning the Fat-soluble Vitamins.
By J. C. DRUMMOND, D.Sc., F.I.C.
CONSIDERABLE progress in the study of the fat-soluble vitamins has been made since McCollum and Osborne and Mendel in 1913 first observed the marked influence on growth which certain animal fats exhibit in contrast to the inactivity of the majority of vegetable oils.
For a number of years it was considered that this physiological action of animal fats was due to the presence of a substance to which the name "fat-soluble A " was given. It was demonstrated quite clearly by extensive experiments in America and Great Britain that this substance, whatever its nature, is essential for the growth and well-being of young animals, but it was not until E. Mellanby carried out his well-known researches on the causation of rickets that the influence of certain foodstuffs in facilitating the disposition of lime in developing bone was traced to a dietary factor of the same type. THE 2ETIOLOGY OF RICKETS.
It will be remembered that at the time Mellanby published his researches there were two conflicting schools of thought regarding the a3tiology of rickets. On the one hand a considerable number of authorities regarded the disease as being primarily due to defective hygienic surroundings, in particular lack of sunshine and exercise, whilst on the other certain observers were inclined to regard it as due to defective diet. The experiments of Mellanby made it clear that rickets can be produced at will in experimental animals by depriving them of a dietary constituent similar, as regards its distribution in natural foodstuffs and its general properties, to the vitamin that had been discovered by the American investigators in 1913. Mellanby was careful not to assume the identity of the two factors, and for a period there was some confusion in the minds of scientists as to whether the growthpromoting and antirachitic properties of a foodstuff such as cod-liver oil were due to one or more than one factor.
We owe it to the researches of McCollum at Johns Hopkins University, Baltimore, that a clear differentiation between the substances responsible for these two effects was made. McCollum demonstrated that therate of destruction of the growthpromoting and antirachitic potency of cod-liver oil were destroyed at very different rates by subjecting the oil to oxidation. Furthermore, he ascertained that certain natural foodstuffs may show powerful activity in preventing rickets without any marked effect on growth or vice versa. It appeared very probable, therefore, that at least two substances of the fat-soluble vitamin type occur in cod-liver oil, and for purposes of classification these are to-day termed vitamin A and vitamin D, the former term being applied to the substance more particularly affecting growth, and the latter referring to the factor playing a part in the deposition of lime in bones.
A NEW FAT-SOLUBLE VITAMIN. Before passing on to consider in detail recent investigations regarding these two interesting subjects, I should like to draw attention to the important researches by Professor H. E. Evans, of California, which have proved the existence of a third vitamin of the fat-soluble class playing an extremely important part in reproduction. As yet information concerning the chemical nature of this substance is meagre, but in my laboratory we have satisfied ourselves that the factor discovered by Evans is distinct from either vitamin A or D, and we have confirmed his main conclusions regarding its action. This newly discovered factor is now termed vitamin E. It is, I thiink, a most interesting fact that the attention of both biochemists and physiologists is at the present time being diverted from the true fats themselves, and is being directed to the examination of the small traces of substances which usually accompany the glycerides as they occur naturally.
It will be remembered that the majority of natural oils and fats, such as cod-liver oil, consist of about 99 per cent. true fats-i.e., glycerides-and some 1 per cent. 3ubstances which resist the action of potash when fats are broken down into glycerol and soap in the ordinary saponification process. This 1 per cent. is termed the unsaponifiable matter. In the past this fraction has attracted very little notice, and interest has centred entirely round the digestibility and nutritive value of the large proportion of true fats present in the oils. The discovery that the unsaponifiable fraction (if prepared with care so as to prevent secondary changes, in particular oxidation, occurring) contains the whole of the vitamins present in the original oil has, as I say, diverted attention to the examination of this fraction.
THE NATURE OF VITAMIN A. I will first bring to your notice some few details of our own attempts to isolate and to determine the nature of the vitamin A, which appears to be largely responsible for the beneficial influence which cod-liver oil exercises on growth. The unsaponifiable matter prepared from cod-liver oil has been submitted to chemical fractionation according to the scheme given below: observed that we have succeeded in separating the active substance from a number of other constituents of unsaponifiable matter, but I regret to say we have not yet achieved the separation of the-vitamin A in what can be considered to be the pure condition.
Some of you will recall a statement in the lay press a few weeks ago that the Japanese investigator, Takahashi, had succeeded in isolating vitamin A as a pure compQund. We have critically examined his work and have satisfied ourselves that his preparations are not more pure than those which we have obtained. It may be of interest to discuss the rather extraordinary potency of the preparations which have been obtained by this fractionation. The experimental animals employed in these investigations are usually rats. A rat of 100 grm. body-weight will consume during the day approximately 15 grm. dry weight of fbod. If this food be deficient in vitamin A the animal will completely fail to grow, and in due course will decline in weight and die. In order to keep the rat alive. to maintain health, and to permit a normal rate of growth, it is only necessary, as we have found, to supplement his deficient diet with an amount of active fraction weighing 21-cth mgm. You will, I think, agree with me that this dosage is of so small an order as to recall the effective doses of internal secretions and of certain drugs.
I fear I cannot give any clear idea, as yet, of the chemical nature of vitamin A, but the very highly active fractions we have obtained largely consist of unsaturated higher alcohols, containing in their molecules only the elements carbon, hydrogen and oxygen. It is possible that the vitamin is actually one of these alcohols, but until we have prepared it in undeniably pure condition it would be unwise to draw such a conclusion. It will be agreed, at any rate, that we must abandon all ideas of the vitamin being a labile, ill-defined compound, such as we at one time imagined it to be when it is so readily demonstrated that it can survive such drastic chemical treatment as saponification with boiling alkalies and distillation at temperatures over 2000C.
I will not say more about vitamin A beyond mentioning that Dr. 0. Rosenheim and I have recently described a simple colour reaction which we believe is caused by. it and which is proving of great use in detecting the presence of the active substance. I must now pass on to give a brief review of RECENT KNOWLEDGE CONCERNING VITAMIN D.
As pointed out above, McCollum's work clearly differentiated vitamin A from vitamin D, but this advance did not at once help to reconcile the two conflicting schools of thought regarding the causation of rickets. The reconciliation seems to-day to have been accomplished, and the story of its achievement is one of the most fascinating presented by recent scientific progress.
In 1919 Huldschinsky observed that children suffering from rickets were rapidly cured on exposure to sunlight, or to the light of lamps which emit rays in the ultraviolet part of the spectrum. This striking observation soon received general confirmation, and some glimpse was then obtained of the line upon which one might correlate the views of the two opposing groups of scientists. But, welcome as some prospect of clearing up this difficult matter was, there still remained the task of determining why rickets could be cured equally well by exposing the patient to ultraviolet light or by administering a substance such as cod-liver oil.
The first clue that led to a solution of this problem was provided by the careful work of the American investigator Steenbock, who discovered the remarkable fact that a food mixture which, by reason of its deficiency will give rise to rickets in animals, becomes endowed with antirachitic potency after it has been exposed to ultra-violet light. Two possibilities suggested themselves to account for this. On the one hand, it was possible that the treated fats absorbed ultra-violet rays: and that the energy so absorbed was later emitted in the form of secondary radiations, which effected a curative action similar in character to that produced by direct exposure to the primary radiations. On the other hand-and it seemed a more attractive hypothesis-it was possible that the absorption of the short wave-length radiation actually produced in the foodstuffs a substance of the type of antirachitic vitamin D. It was comparatively an easy matter to examine one by one the constituents of the food mixture, and this examination soon revealed that the precursor of the physiologically active substance is present in the oil or fats. The examination of such activated fats revealed that the conference of antirachitic potency could be traced to the action of ultra-violet light on a constituent or constituents of the unsaponifiable fraction. One of the most commonly occurring substances in these unsaponifiable oils and fats is the familiar substance cholesterol-a substance of almost universal distribution in living cells.
Dr. Rosenheim, Mr. T. A. Webster and myself were able to show, simultaneously with Steenbock and Hess in the United States, that cholesterol, or the very closely related compound, phytosterol, is the parent substance of the antirachitic vitamin. It is possible to take the purest specimens of cholesterol and it is a substance which can be prepared in a state of considerable purity-to expose it to ultra-violet light for an hour or two under suitable conditions, and to obtain thereby a product showing an extremely powerful antirachitic action. This activated cholesterol, if we may so term it, shows little or no effect on growth, nor does it show other properties of vitamin A, so that it may now be definitely accepted that these two substanccs A and D are distinct.
As yet the chemical'investigation of the substance produced from cholesterol by the action of ultra-violet light has not revealed the chemical nature of the active substance. It should, however, prove possible to obtain a fairly large amount of this material, to fractionate by some such process as I have already described, and then to obtain the antirachitic substance in a pure state and ascertain its nature and properties.
I have pressnted these questions very much from the biochemical aspect. I have done this because I am in my own researches primarily concerned with the biochemical problem of determining the chemical nature of these remarkable substances and ascertaining their physiological action, and I shall be satisfied if I have made clear the following points.
In the first place, there can be no question, I.think, that there has been satisfactory differentiation between these two fat-soluble vitamins A and D, and that both of them appear to be physiologically efficient in amounts so minute compared with the quantities of ordinary foodstuffs that are required by the body, that in looking for parallels one can only call to mind the action of agents such as the secretion of the thyroid gland or of certain drugs. In the second place, I hope that I have dissipated from the minds of any who still retain it the old and erroneous idea that the vitamins are hypothetical substances, or that, if they exist, they are substances of ill-defined character comparable with the enzymes or the toxins. He wished that Professor Plimmer had discussed the question of intestinal toxmemia in relation to vitamin B a little more fully. It was a well-known fact that beri-beri was not of common occurrence in human beings for the reasons Professor Plimmer had stated, but the question of intestinal toxEemia and deficiency of vitamins was so marked to-day that cognizance of vitamin B in relation to digestion and intestinal toxaemia was of the utmost importance. He was not in any way questioning the accuracy of Professor Plimmer's figures or experiments as he had shown definitely that the balancing of our diet was most important, and he (Dr. Rowlands) had come to the conclusion that the majority of the troubles of patients were chiefly intestinal in origin due to a vitamin deficiency.
Dr. W. H. ANDREWS said he did not know to what extent animals living under natural conditions might sometimes be forced to live on a diet which was deficient in vitamins, or if such conditions ever occurred at all, but he thought it unlikely that animals which actually grazed on natural pasture ever suffered seriously in this respect. We had to recognize, however, that most of our domestic animals did not receive a natural diet, and the tendency to keep them on diets which were not altogether natural was increasing.
Of the diseases which were recognized to be due to serious vitamin deficiency, rickets was the only one which (as far as he was aware) was encountered in the domesticated animals. Polyneuritis might occur, of course, in domesticated birds, but in the ordinary domestic mammals we did not meet with anything like polyneuritis, beri-beri or scurvy. For this reason he was particularly interested in Professor Plimmer's account of the effects brought about by a more moderate deficiency of vitamin B. Such ill-defined disturbances of digestion were, as was known, extremely common in man, and we had plenty of that sort of thing in the domestic animals also. We did not know much about the vitamin requirements of the domestic herbivora, but it seemed to be difficult to induce in them any well-defined avitaminosis. He had not worked on this subject himself, but he had had the privilege of watching two different series of experiments of this nature.
In the first case, the experiments had been carried out in South Africa by Mr. A. Stead, who was endeavouring to show that the disease "lamziekte " in cattle was the bovine equivalent of beri-beri. "Lamziekte " was not induced, but after a time the cattle developed laminitis.
The second series of experiments had been performed by Sir A. Theiler and his co-workers, and both horses and cattle were fed over prolonged periods of time on diets which were very seriously deficient (as judged by the usual standards) in vitamin B.
Here, again, no well-defined avitaminosis had been induced, but some of these animals also developed laminitis. One could hardly regard laminitis as a form of avitaminosis; it was a condition with which they were all very familiar, and it often arose in animals which were undoubtedly getting ample supplies of all the well-recognized vitamins. For example, he had seen a considerable number of severe cases during the war in horses which were suddenly placed on full rations of wheat; these horses were receiving also generous rations of fresh green food, and there could not have been any vitamin deficiency. We had to assume that the animals which developed laminitis, when given diets which were deficient in vitamin B, were affected by some other factor connected with the food. We recognized that horses, and less commonly cattle also, were more likely to suffer from laminitis when receiving food which was in some way (quite unconnected with its vitamin content) unsuitable, or to which the animals were unaccustomed. This point was well illustrated in the war experience to which he had already referred; all of the horses of a particular force had to be placed on a wheat ration, as oats and miaize were not available; the horses which were given large amounts of wheat, without previous preparation, suffered from serious digestive disturbance, and in many cases developed laminitis, but those which received at first only smnall amounts soon became accustomed to it, and when the amount was gradually increased they could be taught to tolerate, and indeed to thrive on, the full ration.
It certainly seemed that adult cattle and horses required only an extremely small proportion of vitamin B, and he supposed that at present there was no actual proof that they required any at all; the requirements of the young and actively growing animals were, of course, in a different category, but he did not know of any attempts to determine them. Dr. KINGSTON BARTON asked what was meant by the recommendation of ultra-violet rays and artificial light as a means of curing rickets. Formerly, when he had to treat numerous cases of rickets amongst both the poor and the well-to-do of London, he became convinced that the main factor in the causation of rickets in children consisted chiefly in the wrong diet of suckling children. He fully believed that there was a vitamin factor in this nutritional disorder, but he could not accept the statement that all rickets could be cured by ultra-violet rays and by simply exposing foods and oils to irradiation. The rickets of rats, the animals usually selected for all the experiments, was in his opinion not comparable. For in rats extreme rickets could be produced in a very few weeks when the improper diet was given. It was generally reported that the bony changes seen in rickets were cured whilst the animals were subjected to the light treatment. But all the same, if the wrong diet went on the animals died, so there was no great advantage in " dying cured." In the human subject rickets took quite a number of months to develop even when very inappropriate diet was given, so it was inconceivable that light alone could possibly cure rickets unless there was also the most careful attention given to the dietary, which always depended on the age of the child thus suffering. Even in this cloudy country he thought there was enough sunshine to cure rickets if only the diet was planned rightly.
Rather than the promulgation of these ideas extremely expensive of artificial lights, he thought that the public should be instructed as to what vegetable or meat food contained the proper amount of vitamins, whether A, B or C.
With regard to intestinal troubles, we had hitherto been told by bacterial experts that they were entirely due to great excess of streptococci, or of the Bacilli coli, and that the only remedies of value were vaccines. But in a recent paper by Dr. Lawrence Garrod, in the St. Bartholomew's Hospital Reports, 1925, it was stated that a reduction in the carbohydrate intake would very speedily get rid of all the streptococci, and that a diminution in protein diets would lead to an elimination of all the Bacillu8 coli groups from the intestine. But Professor Pliminer had presented an altogether new idea, namely, that the vitamin B was the potent factor in prevention of all these intestinal disorders. This at all events was a more siinple explanation, for yeast was a vitamin that could be obtained cheaply. It was interesting to observe for how many years country housewives used to treat members of their households suffering from boils and other suppurations by giving them yeast daily with their food.
Professor DRUMMOND (in reply) said that Miss Chick showed that children can be cured either by exposure to ultra-violet light or by giving them suitable food. One speaker had asked whether he was to understand that vitamin A was actually produced after radiation. Such was not the case. Only the antirachitic vitamin D was produced by exposure of an inactive oil, such as cotton-seed oil, to the ultra-violet rays.
He said he was himself responsible for a certain amount of the confusion because we found that cholesterol after irradiation had a stimulating effect on growth.
Eventually the inter-relationship of the two vitamins A and D and their effects on growth were being cleared up and we began to obtain some idea of how they acted. He himself was quite satisfied that there was no question of a production of vitamin A from cholesterol by the action of ultra-violet light.
